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. I n t r o d u c t i o n
In contrast to the great number of papers dealing with the visual perception of form, brightness and colour, work on the visual perception of movement by animals has been largely neglected. This deficiency is all the more surprising, as the per ception of movement by the eye is obviously of the highest biological importance for most animals (Russell 1943) . Human psychology, on the other hand, has dealt abundantly with the question of 'seen movement', and Wertheimer's paper (1912) on this problem represents the origin of the 'Gestalt Psychology', although the term ' gestalt ' was not used in this publication.
The reason for the scarcity of comparative physiological work on the visual per ception of movement is perhaps the difficulty of obtaining reactions of an animal to a moving object which are absent if the same object is stationary. Optokinetic reactions have the disadvantage that they involve movements of the animal, or at least of its eyes, thus complicating the problem considerably. Further, animals can be trained to discriminate between moving and stationary objects, but the results obtained so far by this method are not very satisfactory (see Discussion). It is, therefore, desirable to make use of unconditioned reactions as indicators of * Note by Communicator. This paper by H. Honigmann was completed before his death on 17 November 1943. I am much indebted to Dr O. Lowenstein for preparing the m anu script for the press. seen movement. Such reactions are sometimes suppressed by higher nervous centres, e.g. when Schrader (1889) removed the cerebral hemispheres of falcons he found that these birds could still not only follow the movements of a live mouse with their eyeballs or heads, but were actually able to catch and to kill the mouse. This is remarkable if one considers the high degree of co-ordination necessary. On the other hand, the ' cortical blindness ' due to the removal of the hemispheres prevented the operated birds from recognizing the dead mouse as an eatable object, and therefore they left it untouched. Here the visual perception of movement of an object elicits a characteristic behaviour while the object itself does not. In addition, it shows that the animal's response to the visual perception of movement is apparently a pure reflex action and may be localized centrally in parts of the brain quite remote from those responsible for the visual perception of form, colour, etc.
Fortunately, there are certain groups of animals which, under normal conditions, show the same typical reactions in the case of moving objects as the operated falcons. Frogs and toads catch only moving, or apparently moving, objects, by flicking their tongue at them, and, as this reaction is entirely dependent on visual stimulation, they are ideal objects for our purpose.
. M a t e r i a l a n d m e t h o d s
The feeding reaction. The animals used were forty-five common toads ( vulgaris Laur.) and eleven natterjacks (B. calamita Laur.). Their feeding reactions are as follows: no immobile food attracts attention, but the slightest movement of any object of suitable size results in a very close inspection by the toad which itself remains motionless. Further movement of the object elicits the snapping reflex. The tongue of the toad is flicked at the object and retracted with the latter hanging on its tip. Then the object is swallowed unless it is distasteful. Toads often follow a crawling insect for a considerable time, but they always stop before flicking their tongue. Large prey such as earthworms elicit a different behaviour, but they were not used in these experiments, 'the tongue-flicking reaction is a reliable indicator of the visual perception of movement. There are only two exceptions: it can be observed as an after-effect when a steadily moving object suddenly stops, and even when it suddenly disappears, e.g. is snapped away by another toad, or falls from the edge of a table. In both cases the unsuccessful toad may either flick its tongue at the empty spot (after an interval of two thirds to several seconds), or it may continue to stare at it for minutes.
The eye-licking reaction. If the prey has been swallowed by another toad the behaviour may be completely different; the 'disappointed' toad may flick ils tongue vigorously at the nearest eye of the successful (or apparently successful) rivaj. As a rule this reaction is only seen in hungry toads; although it is provoked only by the visual perception of movement, it is not actually dependent on move ments of the victim. The importance of this reaction is therefore that it is the only proof of the fact that toads, although their maintenance activities (feeding, flight
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The visual 'perception of movement by toads in case of danger, reproduction) are chiefly dependent on the visual perception of movement, are nevertheless also able to recognize stationary objects and even to discriminate between their various parts.
The toe-vibration reaction. Another characteristic reaction of toads is a very distinct vibrating movement of the fourth toe of both feet. It is often so strong that the whole foot bends and stretches in the intertarsal joint, indicating excite ment, and it is often observed before tongue-flicking. Occasionally it outlasts the actual eating process. This reaction is not a characteristic indication of the visual perception of .movement, but is useful to the experimenter as it often predicts the impending feeding reaction.
Apparatus. For studying the influence of the visual field on the perception of an object moving or apparently moving in front of this field, the following simple apparatus was constructed (figure 1). On an elevated horizontal glass plate A (14 x 90 cm.) resting on wooden blocks, two ' sledges5 B and could be independently moved by a string coiled round a revolving vertical metal rod actuated by an electric motor of adjustable speed. Sledge B, consisting of a wooden block fixed to a narrow rectangular piece Bx of white opaque glass, could slide on the top of A, while the second sledge C moved immediately underneath A. G consisted of a horizontal piece of cardboard ('base') on which a vertical cardboard D ('back ground') could be fixed. In this case both base and background moved together, but it was also possible to move them separately. The experimental subject was placed on the^opaque white glass plate Bx and moved sideways, its right side fore most as a rule. The eatable objects, e.g. dead mealworms, were placed on A. Sledge B moved so smoothly that the toads could hardly perceive their own passive movement. Control experiments with moving and stationary animals showed that there was no difference in the snapping reactions, provided the visual conditions were the same in both cases. Sledges B and G could be connected by a string 10 cm. long. When B was near C this connecting string was slack, and when the string attached to B was pulled at first the animal on Bx alone moved, and the visual field CD was stationary, but after the tightening of the connecting string the visual field also started moving and therefore became stationary relative to the animal. The same effect could be obtained in reversed order when the string pulling the sledges was fastened to C instead of In the first case the subject (toad) started by being moved passively, while the object (dead mealworm) and the visual field remained stationary, but later the visual field suddenly started moving as well, while now only the object remained stationary. In the second case, however, at first only the visual field was in motion and subject and object were stationary until C touched B, then suddenly the subject started moving together with the visual field, while the object alone again remained motionless. There was also the possibility of moving the object, which was then placed on a narrow strip of trans parent glass sliding on top of the glass plate A so that the base G remained visible through both glass plates, but this method was only used exceptionally as it might have resulted in visible movements of the object other than those desired.
Both base
G and background D could be used plain or with a pattern of When it was desired to have only G moving with B, and to have D stationary, D was simply put on the edge of A .On the other hand, D could and G detached. In this case D moved with B, and G remained at rest.. Thus sixty-four different conditions could be arranged. Some more possibilities were given by increasing the distance between the visual field and the subject or object respectively. In this case the usual base or background was removed and replaced by larger cardboards (3 0 x 72 cm.) with various patterns of stripes. For some experiments a horizontal disk with black and white sectors, revolving at variable speed round a stationary vertical spindle, was used as base instead of the rect angular cardboard.
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F igure 1
To solve the question whether toads have any kinematoscopic sensation of movement, the animals were used as spectators in actual film performances. In the first instance films showing the movement of myriapods and worms were used. For the analysis of the conditions eliciting the eye-licking reaction two films were made showing ten feeding reactions of two different individuals of B. vulgaris. Only a few 'shots' of the first film were taken at a speed of 16 pictures per sec., otherwise the 'slow-motion' speed of 64 pictures per sec. was used. The duration * of a single projection amounted to 0*0123 sec. for the 'slow' speed and to 0*0073 sec. for the 'fast' speed of the projector. Later it became desirable to slow down the film to even less than 15 pictures per sec. For actual film tests the toads were put in a glass-sided tank of 35 x 25 x 25 cm. The film was projected on to a sheet of white paper fixed outside the tank so that the animal inside the tank could observe the pictures without casting its own shadow on the screen. The two glass sides adjacent to the screen were covered with black paper on the inside to prevent any reflexion of the pictures.
R esults
The results are based on experimental data obtained in approximately 1000 single tests (about 900 with B. vulgaris and 100 with B. calamita). Maximal, minimal and optimal speed of the moving object. Various individuals of B. vulgaris and B. calamita were moved passively relative to a stationary dead mealworm. The maximal speed amounted to approx. 130 cm./min., while the slowest movement perceived visually had the remarkably low value of 0-5 cm./min. At this very slow speed the toads only occasionally fixed the object spontaneously, and therefore the experiments had to start at a speed of 2*6 cm./min.; then the movement was reduced to 1 cm./min. or even 0*5 cm./min. Control tests in which the movement at such a slow speed was completely stopped in no case gave a positive snapping reaction, but a constant speed of 0*5 cm./min. was sufficient to elicit this reaction. In order to find a possible influence of temperature the experi ments performed in June at a temperature of 18-19° C were repeated in September at 13° C; they gave the same results, and there was no difference either between B. vulgaris and B. calamita, or between toads of various ages or sizes. The optimal speed for the visual perception of a moving object was 15-30 cm./min. Unless otherwise mentioned a standard speed of 26 cm./min. was used in all experiments.
Influence of the visual field on the perception of movement of the object. The fol lowing is a schematic summary of the sixty-four combinations of experimental conditions, and of the results of the experiments in terms of positive or negative snapping reactions. In this scheme: S: subject, i.e. toad.
bg: background (figure ID). 0 : object, i.e. dead mealworm.
St: stationary. bs: base (figure 1C).
M: moving.
There were eight series of experiments, A-H. In
A and E, bs and bg were both white. C and G, bs was white, bg striped. B and F, bs and bg were both striped. D and H, bs was striped, bg white.
In each of the series A-H there were eight varieties of experimental conditions (1-8). In series A, B, C, D the base and background were either both stationary or both moved together, while in E, F, G, H either base or background moved. These movements of base (bs) and background (bg) are shown on the left of the scheme below, where the stationary or moving state of toad (S) and mealworm (0 ) are likewise indicated. On the right the resulting snapping reactions are given. A positive snapping reaction (s .r .) was considered as a conclusive proof of the subjective perception of movement of the object. A negative s .r ., on the other hand, could be due either to lack of appetite or to fear or other factors inhibiting the s .r . altogether. A reaction was therefore considered negative only if the animal afterwards gave at least one positive s .r . in different circumstances.
In group A the plain visual field (bs + bg) had no influence on the snapping reaction (S .R .). The same positive results are obtained whether O is moving alone (3) or together with the visual field (5), and the same applies to the conditions 4 and 6 in which the subject is moving relative to the object, either alone or with the visual field. Thus in group A the only factor decisive for the s .r . is the alteration of the distance between S and 0 ; if it is changed, as in conditions 3-6, the s .r . is positive. In B 3 the s .r . is of course positive, as this is the natural feeding condition, the object moving over a stationary visual field of distinct pattern. The same applied to B 4, in which the optical process taking place on the retina of S is the same as in B 3.
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In conditions B 5 and B6, however, corresponding to A 5 and A 6, the s .r . is negative, although the distance between S and O is altered and the image of 0 travels therefore over the retina of S in the same way as in B 3 and B 4. We see here for the first time the decisive influence of the visual field on the perception of movement; in fact it is chiefly the influence of the striped base, as will be seen presently. B 7 and B8, representing an induced sensation of movement, gave negative results.
The conditions C3 and C4, in which only bg has a pattern, give a positive s .r ., the plain base not influencing the reactions of the animal. The two following con ditions, C5 and C6, confronted me with a puzzling problem for some time. The results were sometimes negative, sometimes positive, and I considered the possi bility of a conditioning of the animals. Control tests with freshly caught, 'in experienced' toads, however, did not confirm this assumption. The factor respon sible for the different results is the ratio of the distances between 0 and S and between 0 and bg; if the object moving together with the striped background is experimental conditions
nearer to it than to S the s.r. is negative, but when 0 is nearer to S than to bg, 0 can be 'detached' from the visual field and the s.r. becomes positive. That not the distance itself (between S and 0 ) but only the influence of the pattern of the background is decisive, can be proved in a simple way. When (in C6) 0 is placed 1 cm. from bg and 3 cm. from S, the s.r. is always negative. But if now, without any alteration of the position of 0, the striped background is changed to a plain one, 0 is eaten at once. It is not surprising that C7 and C8 give negative results, for as no 'induced movement' is found in B 7 and B8, where the 'inducing' effect of the whole visual field is present, a positive result by the effect of a part of the visual field only cannot be expected. The same applies of course to D 7 and 1) 8.
In group D no explanations are needed for the results of 1-4, but it may seem surprising that in 5 and 6 the s.r. is negative, which means that O cannot be detached visually from the striped background, unless, under different experi mental conditions (see below), the distance between 0 and bs is considerably greater than the distance between S and 0 . The negative results in D 5 and 1)6 prove that the pattern of the base is actually responsible for the negative results in B 5 and B6.
The results of groups E-H with independent movement of bs and bg will hardly be surprising. Group E is not different from A, as the plain base or background is without influence.
In group F we find again the predominant effect of striped bs compared with striped bg. F 3 and F 4 never give a positive s.r. In F and F 6, however, the result depends again on the distance between 0 and S, or 0 and bg, respectively. Thus group F is the only one in which definitely positive reactions are missing.
Conditions 3 and 4 in group G correspond to C 3 and C 4, and G 5 and G 6 corre spond to C5 and C6. In group H only conditions 5 and 6 give a positive s.r., as their effect is the same as D 3 and D 4.
Effect of distance. The results obtained so far seemed to indicate that the distance between the visual field with a pattern and the subject or object respec tively has some influence on the visual perception of movement of the object. The possible influence of visual acuity had to be taken into account, as a pattern of stripes will loose its typical influence at a distance at which the visual acuity of the eye is no longer sufficient to perceive the stripes distinctly, e.g. condition D6 (s.r. negative) would change into A 6 (s.r. positive) when the striped base is sufficiently remote from S. Experiments carried out to check the validity of this assumption seemed at first to confirm it, for when the distance between the striped base and S was increased sufficiently the influence of the pattern did disappear. The distance between S and O remained, of course, unchanged in these tests. Their results again showed the distinct difference between the influence of base and background, as the influence on the s.r. was lost at a much shorter distance than that of the base. The critical values were 8-9 cm. for a striped background but 22-23 cm. for a striped base in the case of most individuals of B. vulgaris.
At all distances greater than these the inhibitory effect of the visual field dis appeared. The black and white stripes used in these tests had a width of 1 cm. At a distance of [16] [17] [18] [19] [20] [21] [22] cm. between the striped base and S the toads often fixed 0 and exceptionally flicked their tongue at it, but regularly missed it, so the movement of 0 was apparently perceived visually but the effect was not sufficient to elicit a successful s .r . In these borderline cases the toads repeatedly wiped their eyes with one of their fore-feet as if to remove something hanging on to the cornea and obstructing clear sight.
When I was later able to test some natterjack toads ( calamita) as well, an interesting difference between the two species was observed, for the influence of the striped base disappeared for the natterjacks at a much shorter distance, namely, 5-6 cm. The natterjacks (all males) were smaller than the common toads used previously, but the size was not decisive, as a repetition of the tests with very small common toads gave the same results as with big ones. The best way to demonstrate this difference was to perform the experiment at a distance of 10 cm. between bs and O : then the natterjacks reacted with a positive, and the common toads with a negative, s .r .
In the course of these experiments it became more and more doubtful whether visual acuity was the essential factor. To decide this question I used a new kind of pattern for the visual background and base, in which the black and white stripes had a width of 3 cm. instead of 1 cm. If the visual acuity were critical, the dis tances should be greater than in the tests with the*narrower stripes. The critical value, however, remained unchanged, and I realized now th at the decisive factor was nothing but the parallactic effect on the apparent position of 0 relative to the visual field, caused by the passive movement of the toad. The three sketches A, B and C (figure 2) show the different relations: in A, 0 alone moves relative to the striped background and base. As S is motionless, the image of 0 moves over the stationary image of bg on the retina. In B, S alone moves, and 0 is close to the striped background. The position of O relative to bg as seen by S does not change. In C too, S alone moves, but 0 is now nearly as far from bg as from S. The images of 0 and of bg travel over the retina of S in the same direction, but now the image of O moves pearly twice as quickly as the image of bg, thus producing the subjective sensation of movement. It is obvious from these considerations that the width of the stripes on the background cannot have any influence. In addition, it is now clear th at the different effects of conditions C 5 and C 6 as well as F 5 and F 6 and G 5 and G6, are also caused by the same principle.
The experimental results show th at the optimal condition for the perception of movement resulting in a positive s .r . is the immobility of the image of the background on the retina of S', but th at this condition is not indispensable. As long as the speed of the moving image of the visual field is lower than the speed of the image of 0 , the s .r . can remain positive. The difference in the effect of bs and bg indicates a different structure of various parts of the retina.
The effect of a flickering visual field. The visual field used so far had been either plain or of a permanent pattern. The influence of a flickering visual field, a revolving disk of black and white sectors, was next studied. The problems dealt with so far are dependent on processes taking place in the central nervous system, while the phenomenon of flicker is due chiefly to qualities of the sense organ. My method used the phenomenon of flicker in an indirect way; not the effect of flicker itself, but only the effect of a more or less flickering visual field on the perception of a moving object was investigated. As the effect of flicker depends not only on the frequency of change of the optic stimuli but also on the intensity of illumination
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Figure 2 (Crozier, Wolf & Zerrahn-Wolf 1937) and the adaptation of the animal's eye, the situation is complicated. The tests were carried out in daylight with light-adapted animals under condition D 6, as the effect of the base is more significant than that of the background. They showed that the revolving disk had the same effect as a stationary striped base; they gave a negative s .r . until the increased speed of revolution resulted into a fusion for the toads. The values found for the critical speed were surprisingly uniform, namely, between 76 and 80 r.p.m. for several toads. The highest values found were equal to the remarkably low fusion frequency of 5-3 changes per sec.
Kinematoscopic vision. As it was by no means certain that kinematoscopic sensation of movement was present in toads, the following preliminary experiments were carried out. A simplified model of a mealworm was projected by a lens and the image moved slowly on a horizontal glass plate. The image had the size of a meal worm and moved with its usual speed, but not a single toad took any notice of it. As the Jack of a shadow was possibly responsible for the negative result I repeated the tests with the help of an epidiascope. A live mealworm was used as object. As soon as the toads were confronted with the moving image of the meal worm, they began to flick their tongues at it. When I now substituted a piece of yellow paper in the shape of a mealworm, the moving image elicited at once a positive s.R. The toads snapped untiringly, without being deterred by their attempts remaining unsuccessful. It was now clear that the lack of a shadow was pot responsible for the negative results.
The performance of a film showing the movements of chilopods and wriggling marine worms attracted the toads at once: they came near the screen and licked the moving image on the screen. The results were obtained at a speed varying from 16 to 27 pictures per sec. with a duration of 0-012-0*007 sec. of a single projection.
To anticipate the objection that the reactions of the toads were not due to kinematoscopic vision but only to the effect of flicker itself, the following experiments were carried out. A flickering visual field was produced by a projector with the three-bladed shutter but without any film and reflected on to a horizontal plane, on which the toad was sitting. To prevent the toad from looking directly in the flickering light an opaque vertical screen was placed in front of the animal. Thus the toad could see only a rectanglar flickering area of fight on a horizontal plane. In this area (1) a dead, (2) a five mealworm were placed and shown to the toad for 2 min. The results for six different individuals of B. vulgaris were: (A) when the area brightness was higher than 30 ft. candles the flicker was obviously unpleasant for the toads, for they moved away and in no case snapped at the mealworm; (B) when the area brightness was less than 29 ft. candles (1) a dead mealworm never elicited any reaction, (2) a five mealworm elicited the usual s.R . In both cases the flicker varied from 1-5 to 10-5 dark/light changes per sec. So it was clear that the flicker effect itself was not responsible for the positive s.R . in the case of kinematoscopic projection, and that there is indeed kinematoscopic sensation of movement in toads.
Analysis of eye-licking reaction. Most important activities in the fife of toads are elicited by the visual perception of movement. Food is recognized only when it appears as moving, enemies are usually recognized by their movements, and even the reproductive activities are regulated to a high degree by visual stimuli. The voice of the male attracts the female, and croaking takes place when one male tries to copulate with another male. In this case sounds are produced only by the individual treated as a female and as a rule cause the other male to stop its attempts. For the firm! effect characteristic movements of the female are decisive (Hinsche 1926) ; when the males had the choice between a five immobile female and a dummy moved in jerks, they preferred the dummy.
The question now is whether the eye-licking reaction is also elicited by a visual perception of movement, and therefore whether it can be considered merely as a modification of the feeding reaction. Some observations seem to favour this assumption. Occasionally, after the feeding of a rival, its moving flank or throat is licked instead of the eye. But these are exceptions, and the licking of an eye is the rule; and it often takes place when no movements of the eyeball are visible. Even then the reaction might be provoked by visible movements of the aggressor itself, e.g. his throat oscillations, reflected from the cornea of the victim. To solve these questions I made two films showing ten feeding acts of two large toads. In the first test the toad used as onlooker was the film actress herself and was sitting far back, her eyes 18 cm. from the screen. As soon as the picture started she seemed to be highly interested and moved quickly towards the screen straight in the direction of the head of the screen toad, stopping 3 cm. in front of it and taking hardly any notice of the slowly moving screen mealworm but fixing the head of the 'rival'. Nothing happened when the screen toad flicked her tongue at the mealworm and missed it, but 3 sec. later (on account of 'slow motion', actually only 0*8 sec. later) the screen toad repeated the flicking of the tongue-success fully this time. Immediately afterwards the live toad licked the right eye of her own picture vigorously and audibly.
Repeated tests with the same film were mostly unsuccessful. On the following day only one out of three toads reacted with eye-licking. Later it turned out that the second film-star toad was much more effective. This film was taken at a greater distance from the toad and the projection appeared therefore much steadier. When this new film was shown for the first time to three different toads successively, all of them reacted at once positively by licking the eye of the screen toad as soon as they had witnessed the first or the second eating act. The image of the screen toad was projected at approximately two-thirds life size.
As a control a film showing the movements of a golden hamster ( auratus) was shown several times to the toads. I had glued this film to the second toad film so that after the end of the hamster film the performance of the toad film started automatically without any interruption. The toads occasionally looked at the first film when it began to run, but this was all; they did not even move towards the screen. But as soon as the toad film started, they became excited, moved to the screen and then the usual reactions began. 
Discussion
Biology and neurology of the feeding reaction. The main deduction from experi ments is that no feeding reaction takes place without the visual perception of movement of the prey. Dead mealworms are never eaten. There is general agree ment on this question (Risser 1914; Haber 1926; Franz 1927, etc.) . The only author claiming that olfactory stimuli are sufficient is Locher (1927) . She employed a simple technique I had used previously in experiments on the olfactory reactions
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Our knowledge of the neurological facts responsible for the feeding reaction of Anura has been considerably increased during the last few years. Stimulation of the primary optic centres in the lobi optici in the root of the midbrain (= tectum opticum, the actual visual sphere of the Anamnia) affects centres in the forebrain, which according to Blankenagel (1930) are situated in the posterior part of the basal ganglia. Only these centres are able to elicit the snapping reflex. This is demonstrated by the fact that loss of the cerebral hemispheres does not result in blindness, but in a complete loss of the snapping reaction. This must not be con fused with the rather complicated swallowing reflex after the prey has touched the inside of the mouth, which is controlled in the first instance by the medulla oblongata. There is an inhibitory centre which has been localized in the most anterior part of the medulla. If the latter is severed in front of the cerebellar ledge the swallowing reflex disappears altogether, while a cut behind the cerebellum has the effect that every object touching the mouth is swallowed indiscriminately. Considering the precision with which Anura catch moving objects there must be a very precise central representation of the constantly changing position of the object. This can hardly be conceived without the assumption of a 'mesencephalic retina' in Anamnia, and it is very probable that this subcortical 'retina' is still preserved in birds. They would thus possess two pairs of 'central' retinae. After loss of the cortical retina the mesencephalic retina is quite sufficient, at least for the visual perception of movement. The inhibitory function of the medulla can be suppressed by centres in the midbrain or forebrain. Obviously suppression will not take place if the object is perceived as unpleasant by tactile or chemical stimulation of the tongue, etc. Considering this highly complicated mechanism it is not sur prising to find not only considerable individual differences in toads, but also a very varying s.R. in the same individual at different times.
Toads are well able to learn, as experiments by Cott (1936) and other authors show. Buytendijk (1919) has shown that even a single experience may change the behaviour of toads. It is therefore a very striking fact that they never learn to eat an object unless it is moving, all the more so as the analysis of the eye-licking reaction shows that toads can recognize stationary objects (cf. Pache 1932) . A pos sible explanation is that objects may obtain negative valences for toads, but hardly ever new positive valences (Russell 1935 ). This is not uncommon in the case of animals with a simple psychological structure.
Induced visual perception of movement. We have seen that the experiments described in this paper gave no indication for the existence of induced visual per ception of movement. All tests carried out under condition B 7 (the optimal con dition for that purpose) were completely negative. Only two authors have claimed to have demonstrated induced movement in Anamnia and invertebrates. Birukow (1938) used frogs sitting in a stationary glass cylinder round which a drum with black and white vertical stripes was rotated for about 20 min. When now the striped cylinder was covered inside with a plain cylinder, the frog started snapping for 5-9 min. at an immobile 'artificial fly' (a small piece of black paper) fixed previously to the wall of the glass cylinder. Birukow considers this fact as proof for the existence of 'induced movement '. Actually it is somewhat different, namely, the effect of a successive contrast of movement, caused possibly by moving after images of the stripes as a consequence of the prolonged rhythmical change of stimulation of neighbouring retinal elements. Incidentally, it is by no means easy to obtain this reaction. Birukow himself reports positive results only in two out of five individuals 'well adapted for these experiments'.
Experiments by Gaffron (1933) on dragon-fly nymphs dealt with actual induced perception of movement. These nymphs (like terrestrial Anura) react only to moving objects. The situation is slightly different as the object must be previously fixed by the nymphs, i.e. the prey must be in the longitudinal axis of the head. When this was the case Gaffron's nymphs snapped at an immobile object (small pieces of plasticine fixed outside the glass tank) when a striped pattern was moved slowly behind the object. The situation corresponds exactly to our condition C7, which represents real induced movements of O with regard to bg, and Gaffron reports that a positive reaction in this case was regularly observed with several animals. I have repeated these experiments using exactly the same method as Gaffron, but none out of eleven Aeschna nymphs ever responded with a positive s .r . Otherwise my nymphs reacted extremely well to a small plasticine sphere moved outside the tank. I am far from claiming that Gaffron's observations are incorrect, but in view of these contradictory results a verification by renewed experiments seems desirable. I do not deny the possibility of an induced sensation of movement in higher vertebrates, e.g. birds. I have not performed systematic experiments in this respect, but occasional observations during experiments with fowls (Honigmann 19426 ) make it probable that here 'induced movement' can take place.
Kinematoscopic and stroboscopic vision. Experiments on kinematoscopic vision in animals have been carried out by v. Schiller (1933 Schiller ( , 1937 and by Gaffron (1933) . Schiller trained minnows to discriminate between two out of four ' constellations ' of luminous squares effected by the shifting of one of two cardboards with suitably arranged slots. These 'constellations' were as follows:
(1) 'Movement' (= real movement up and down of one luminous square).
(2) 'Successive' illumination of two squares, one on the bottom, the other on the top after a dark interval.
(3) 'Optimal' (the upper square becomes illuminated as soon as the lower square becomes dark (and vice versa) without dark interval).
(4) Simultaneous (both squares, on top and bottom, constantly illuminated). Constellation 3 may result in apparent movement for human observers at a suitable speed (kinematoscopic effect). The positive valence for the 'correct' choice was produced by the addition of food. A training to side constancy was eliminated by changing the position of the cardboard. Only four minnows were used for the tests. Schiller reports that one fish was able to discriminate between constellations 3 ( + ) and 4 ( -) after thirty tests. When now constellation 1 (real movement) was substituted for 3 (optimal = kinematoscopic) in critical tests without food, the fish chose the real movement in nine tests out of ten. The author comes to the conclusion that the fish was unable to discriminate between the real and the optimal (kinematoscopic) constellation. I do not doubt that kinemato scopic vision is present in fishes, but the results of Schiller's experiments are not conclusive. For it is quite possible that his fishes learned only to discriminate between one or two stimuli visible at a time, since in the case of constellation 4 there were always two squares visible, whilst in the case of constellations 3 and 1 there was only one square. A similar objection can be raised against the other tests, and there is no report on control tests with reversed valences which are indispen sable in all experiments using the discrimination method (Honigmann 1942 a) .
Gaffron used minnows and sticklebacks in a stationary round glass tank, around which a 'striped cylinder' was revolving. These fishes show distinct optokinetic reaction by following the pattern. Gaffron now introduced a typical stroboscopic effect by illuminating the moving cylinder intermittently. The direction of the apparent movement of the stripes depends for the human observer on the ratio between the speed of the revolving drum and the speed of the projection. Gaffron was able to show not only that this phenomenon is also present in fishes, but that the critical speed is the same in fishes and human beings, for the 'illusion' was effected in the same sense in fish and man.
The same paper contains highly interesting 'stroboscopic' experiments on the fly Pollenia. Actually Gaffron investigated not stroboscopic, but kinematoscopic vision. She never obtained positive reactions of flies and comes to the conclusion that insects are incapable of stroboscopic (actually kinematoscopic) vision. Her results seem to be generally accepted. I doubt, however-though Gaffron's experi mental technique is certainly indisputable-whether such sweeping conclusions are justified by negative results. I was' not able to repeat Gaffron's experiments with her own rather complicated technique, but I showed to dragonfly nymphs the same film used previously for the toads. As the tests in this case had to be carried out under water, two observers are necessary to obtain safe results, as the observer looking from the top through the surface of the water cannot see the film, and the second observer, looking from behind through the tank, cannot see clearly enough the flicking of the dragonfly's labium. Tests during the first 2 days gave negative results, but on the third day one individual gave a positive reaction by following the picture of a moving Polydesmus (white on dark background) and finally flicked its labium at it. Some days later the same was observed with other nymphs. Another individual followed the moving picture to the right and then to ' the left, but no mask-flicking was observed. The effect of flicker itself was excluded in a similar way as in the experiments with toads, and although it is difficult to obtain a positive reaction (only three out of eleven individuals showed it), there can be no doubt about the possibility of kinematoscopic vision in these insects.
A physiological theory of the visual perception of movement is contained in an interesting theoretical paper by Hertz (1934) . The theory deals with optokinetic reactions and with the retinal processes which are possibly responsible for 'real', 'induced', and 'stroboscopic' movement. My only objection to this theory is that the experimental data on which it is founded-chiefly Hertz's own and Gaffron's results with invertebrates-are very scanty and perhaps not sufficiently safe guarded, e.g. the alleged presence of 'induced' and assumed absence of 'strobo scopic' (kinematoscopic) movement in the case of invertebrates.
Exceptional qualities, structural and functional, of the amphibian retina. Menner (1928) has shown in a paper on the comparative histology of the vertebrate retina that there are important differences in the structure of the nuclei of rods and cones. Often a discrimination between rods and cones is only possible in this way. The only exceptions are the Amphibia. Here no difference in the structure of the nuclei is found, and in addition-contrary to all other vertebrates-the nuclei of the rods are nearer and those of the cones more distant from the membrana limitans externa. All retinal elements are much larger in Amphibia than in other verte brates. According to Menner the visual acuity is reduced because the mosaic is so coarse, but I would add that such retinae are possibly better adapted for the visual perception of movement, v. Studnitz (1932) , using photochemical methods, came to corresponding conclusions with regard to the exceptional function of the Amphibian retina.
The critical flicker frequency, which is chiefly a function of the retina, differs in the Amphibia from that found in all other vertebrates-indeed all other animals so far investigated. It is a strange fact that the values are nearly the same in human beings, fishes and even insects: in man, per sec. (Hecht and others) ; sunfish (Wolf and others 1935) and Betta splendens (Lissmann 1932) , 60 per sec.; the bee (Wolf 1933) , 55 per sec.; and Aeschna sp. (Salzle 1932) , 60 per sec. On the other hand, the values for Amphibia are very much lower: Rana esculenta, 8 per sec.; Rana temporaria, 5-6 per sec.; Bufo sp., 6-7 per sec.; Triton, 6-7 per sec.; Salamandra maculosa, 5-8 per sec. (all figures after Brecher 1935). Birukow (1938) found the same value for Rana temporaria. Granit & Riddell (1934) , investigating the electric response of isolated eyes of R. esculenta and R. temporaria, found values of less than 6 or 8 flashes per sec. for the fusion frequency in dark-adapted eyes. All these values are in harmony, and the results reported on p. 299 fit well into the general scheme. As all other animals investigated give very different, often 10 times higher, values, the uniformity of results obtained with Amphibia is all the more satisfactory.
5. Conclusions
1.
The normal feeding reaction of toads is entirely dependent on the visual perception of movement. This snapping reaction (s.n.) has been used to investigate the conditions under which toads visually perceive movement. Fifty-six individuals of Bufo vulgaris and B. calamita were used as subjects.
The visual perception o f movement by toads
2. The optimal speed for the perception of a moving object is 15-30 cm./min., but the s .r . was found to be positive at the remarkably low speed of 0*5 cm./min. (distance between toad and object 4 cm.). These values were independent of the temperature of the animal.
3. The influence of the visual field on the s .r , was investigated with an apparatus which allowed the object, the subject and parts of the visual field to be moved independently of each other. In the case of a plain visual field the only decisive factor is the movement of the image of the object over the retina of the subject. If this takes place the s .r . is positive, whether the object is moving and the subject stationary, or vice versa.
4. When the visual field has a pattern the movement of the image of the object over the retina of the subject does not result in a positive s .r . if the image of the visual field moves in the same direction at the same or nearly the same speed as the image of the object. Immobility of the image of the patterned visual field is the optimal condition for a positive s .r . In intermediate cases the result of the s .r . depends on the degree of the parallactic effect; if the image of the object moves definitely quicker than the image of the visual field of the retina of the subject the s .r . is positive.
5. In the case of B. calamita the s .r . is positive when the difference between the speed of the image of the object and the speed of the visual field is much smaller than in experiments with B. vulgaris. This is the only essential difference between the two species with regard to the visual perception of movement found in this investigation. 6. A difference was observed between the influence of the horizontal base and the vertical background. The base has a greater influence on the s .r . than the back ground. This indicates a different structure of various parts of the retina in toads.
7. A flickering visual field (base) has the same effect on the s .r . as a stationary base with a distinct permanent pattern. The direction of the revolution of the base is without influence. The values for the critical flicker frequency were never higher than 5-3 dark/light changes per sec. This exceptionally low figure is in harmony with results found in other amphibia by different methods.
8. No indication for the existence of an induced sensation of movement has been found.
9. Ample evidence for kinematoscopic sensation of movement was found. Positive results were obtained at a speed varying from 27 to 16 pictures per sec. with a'duration of 0*007 to 0*0012 sec. for a single projection. Even when the speed was reduced to 5 pictures per sec. (= 1 5 light/dark changes per sec.) kinemato scopic vision was observed with certainty. At this extremely low speed the in tensity of illumination is a decisive factor. When films were shown without dark intervals during the change of the single pictures, the lowest value giving a positive s .r . was 4*3 pictures per sec.
10. Control tests showed that the interrupted illumination of the kinemato scopic projection (the flicker effect) was not responsible for the positive s .r .
